If the canonical seesaw mechanism alone is responsible for neutrino mass, i.e. m ν ≃ −m 2 D /m N , it can neither be proved nor disproved at the TeV energy scale. A new verifiable mechanism of neutrino mass is proposed, using the inverse seesaw, with new physics at the TeV scale, such that
Introduction : Neutrinos have mass, but the mechanism for it to occur remains a topic of theoretical study. The reason is that, unlike other charged fermions such as the electron or the quarks, the neutrinos are electrically neutral, and could have either Dirac or Majorana masses or both. The prevalent thinking is that in addition to the left-handed neutrino ν L in the electroweak lepton doublet (ν, l) L of the standard SU(3) C × SU(2) L × U(1) Y gauge model of particle interactions, there is also a right-handed neutrino N R (for each of the three families of quarks and leptons), which is a singlet. Thus it has no gauge interactions, and couples only to the Higgs doublet Φ = (φ + , φ 0 ), i.e. fN R (ν L φ 0 − l L φ + ), so that a Dirac mass is obtained as φ 0 acquires a vacuum expectation value v = φ 0 , linking ν L with N R . If this is the only allowed additional term, then N R is simply ν R , i.e. ν is a four-component Dirac spinor with mass m D = f v, and additive lepton number L is conserved. However, since N R is a singlet, it should be allowed a Majorana mass m N . Hence the 2 × 2 mass matrix spanningν L and N R is given by is the correct mechanism of neutrino mass, it may never be proved or disproved [2] .
Inverse seesaw : There are other mechanisms of neutrino mass [3] and some may be verifiable at the TeV scale [4, 5] . In this paper, a new mechanism is proposed, where the origin of neutrino mass is radiative and suppressed by the inverse seesaw [6, 7, 8, 9, 10, 11] 
remains massless. Additive lepton number L is conserved in this case. This limit allows one to argue that m R,L should be small, because in their absence, the symmetry of the resulting theory is enlarged, i.e. from (−) L to L. In all previous applications, these small parameters are simply put in by hand. Here it will be shown how they may only be radiatively generated and must therefore be small.
Renaming m R,L as ǫ R,L , and using ǫ R,L << m D , m N , the eigenvalues of Eq. (2) are:
where m 1 is now an inverse seesaw neutrino mass. It is small because ǫ L is small, without requiring m N to be excessively large. 
This is simply achieved with a Higgs scalar multiplet 45 which decomposes as 45 = (1, 0) + (10, 1) + (10
where [18, 19, 20, 21, 22, 23, 24] .
In fact, the U(1) χ charge is given by
The neutral fermion singlet N c in the 16 of SO (10) To allow for quark and lepton masses, a Higgs scalar doublet
under
χ is needed, with the Yukawa interactions
To break U(1) χ and not the SM gauge group, a Higgs scalar η transforming under only U(1) χ is needed. If η has Q χ = ±10, then N c gets a Majorana mass and the usual seesaw mechanism is operable. However, another more interesting choice is available, as shown below.
Additional singlets : Instead of one scalar with Q χ = ±10, two scalars transforming under
will be used. In addition, neutral fermion singlets
are added. Note that the set of one S 3 , four S 2 , and five S 1 is anomaly-free, because (−3) + 4(2) + 5(−1) = 0 and (−27) + 4(8) + 5(−1) = 0. As a result, the Yukawa couplings
are allowed, as well as the scalar interaction terms
Altogether, it is clear that the choice of particle content allows a multiplicatively conserved lepton parity to be defined, so that ν, e, e c , N c , S 3 , S 1 , η 1 are odd and S 2 , η 2 are even. The U(1) χ gauge symmetry is broken by η 2 = 0, whereas η 1 = 0.
In the basis spanned by ν, N c , S 3 , S 1 , the 4 × 4 mass matrix is then given at tree level by
In the above, S 1 gets a Majorana mass at the U(1) χ breaking scale, but it decouples from the other three fields. The remaining 3 × 3 submatrix is exactly of the form of Eq. (2) without m R,L . The next step is to show that the latter are not zero but small, because they will be generated radiatvely. is exactly analogous to the one-loop mechanism for neutrino mass first proposed in Ref. [27] .
It is easily calculable from the exchange of Re(η 1 ) and Im(η 1 ) and is given by
This means that S 2 is lighter than either Re(η 1 ) or Im(η 1 ), so the lightest S 2 should be a dark-matter candidate. However, if m R < M 1 , Re(η 1 ) is also stable, and similarly for Im(η 1 ).
This is thus a natural scenario for the coexistence of several particles together as dark-matter candidates [28] .
Once S 2 gets a mass, S 3 also gets a Majorana mass, as shown in Fig. 2 . This is the ǫ L Figure 2 : Two-loop scotogenic S 3 mass.
term being sought after, and since it is a two-loop effect (m 2 itself being a one-loop effect), it is guaranteed to be small, as promised. It is also a scotogenic mass, i.e. induced by darkness, because S 2 and η 1 have odd R, as pointed out previously.
There is also a mass term linking S 3 with S 1 , as shown in Fig. 3 . Together with M 1 , this gives a seesaw contribution to ǫ L as well, but its magnitude is clearly much smaller than the S 3 S 3 term. As for ǫ R , i.e. the N c N c term, it is a three-loop effect and safely negligible.
U ( Conclusion : The origin of neutrino mass may well be the inverse seesaw mechanism, i.e. 
